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[57] ABSTRACT

A method for producing a semiconductor device which
decrease the number of processes at the time of producing
BiCMOSLSI than the usual. Impurities are introduced into
a semiconductor substrate under a second insulating film and
a first electric conductive film utilizing a first insulating film
and the first conductive film formed on the semiconductor
substrate as masks. Therefore, it is able to perform concur-
rent introduction of impurities into the gate electrode, the
source and the drain of the MOSFET, the base electrode of
the bipolar transistor, the emitter and the collector contact of
the lateral bipolar transistor, the outlet electrode of the

capacitor, and the resistor, so that the number of process
steps can be reduced.

10 Claims, 4 Drawing Sheets
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METHOD FOR PRODUCING A BI-MOS
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for producing a
semiconductor device, which is especially suitable to a
method for producing a semiconductor device containing a
bipolar transistor and a MOSFET of high-performance.

2. Description of the Related Art

Today, it is advancing to become electronic apparatuses
smaller and lightweight with high-performance and multi-
functions. By this reason, a bipolar-MOS hybrid LSI
(hereinafter, refterred to as a BIMOSLSI) is remarked which
combining merits of high speed and high precision of a

bipolar transistor and high integration and low power con-
sumption of a MOSFET.

However, in the case of the conventional BiMOSLSI
manufacturing process, there have been problems where the
number of process steps increases as the respective perfor-
mances of the bipolar transistor and the MOSFET become
higher, and the cost of wafer process and TAT (turn around
time) increase. Thus, uses of the products to which this
producing method can be applied have been limited.

A conventional BIMOSLSI producing process is shown in
FIGS. 1A to 1D, which show a sectional view of an upper
portion of a silicon substrate of a bipolar transistor part and
a P-channel MOS transistor part of double-polysilicon struc-
ture. The process flow is as follows.

(1-1) Process

At first, an N buried layer 1 and a diffusion layer 2 are
formed in a bipolar-transistor part of a semiconductor sub-
strate Sub. After production, the N™ buried layer 1 and the
diffusion layer 2 function as a collector outlet of a NPN
transistor.

Next, a LOCOS oxide film 3 and a P__ diffusion layer 4 for
element isolation are formed, and then a gate oxide film 5 is
Tormed. At this titne, the LOCOS oxide film 3 is formed to
have the thickness of 200 to 400 [nm], and the gate oxide
film 5 is formed to have the thickness 10 to 20 [nm)].

After that, a polysilicon film 6 having the thickness of
about 100 to 200 [nm] is formed all over the surface by
chemical vapor deposition (hereunder, referred to as CVD),
and the polysilicon/gate-oxide laminated film of the base
and emitter forming portion of the bipolar transistor part is
then opened with the existing dry etching technique.

The polysilicon film 6 functions as a protective for
the gate oxide film 5. That is, it can be prevented that a
deficiency of resisting pressure, etc. occurs due to a con-
tamination of the gate oxide film in a resist exfoliation
process at the time when the gate oxide film 5 is opened.

Further, the (1-2) process can prevent from a gate-oxide-
film etching at the time of light etching by HF (hydrogen
fluoride) before forming a second polysilicon film 7. The
light etching remove a natural oxide film of an interface of
the polysilicon-silicon substrate so as to decrease a contact
resistance with the substrate. This is needed to utilize the
polysilicon as an outlet electrode which is based on a contact
with the substrate. The process of protecting a gate oxide
film with a polysilicon is needed as the gate oxide film
comes thinner to about 20 {em] or less.

(1-2) Process

Next, the second polysilicon film 7 having the thickness
of 100 to 200 [nm] is formed by CVD. Combination with the
former polysilicon CVD makes the thickness of the poly-
silicon film amounts to 300 to 400 [nml.
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Then, N™ ions are implanted into the gate-electrode por-
tion of the MOS, and P ions are implanted into the
base-electrode forming portion of the bipolar transistor part.
After that, leaving the gate-electrode of the MOS and the
base-electrode of the bipolar transistor part, the first and the
second polysilicon films are processed by the existing dry
etching technique. In this connection, N™ ions are implanted
into the gate-electrode portion of the MOS in order to
improve the characteristic of a N-channel MOS to be formed
usually on the same substrate to have a surface-channel
structure.

Next, P°! ions are implanted into the MOS part, and an
LDD (lightly doped drain) diffusion layer 8 is formed. It is
necessary to form the LDD diffusion layer 8 for the purpose
of improving the hot-carrier resistance, as the gate length
become more minute, that is, sub-micron to sub-half-
micron.

Then. SiO, having the thickness of 200 to 400 [nm] is
formed by CVD, and an SiO, spacer 9 for LDD is formed
by anisotropic etching with the existing dry etching tech-
nique.

The region for forming the base and the emitter of the
bipolar transistor is covered with polysilicon, so that it can
be protected and not exposed to overetching at the time of
forming the Si0Q, spacer 9 for LDD by the anisotropic
etching. Consequently, such problems as degradation of
elements and deterioration of yield due to an RIE (reactive
ion etching) damage do not occur. Then, P ions are

implanted into the MOS part, and source and drain diffusion
layers 10 are formed.

(1-3) Process

After an Si0O, film having the thickness of 300 to 400
[nm] is formed by CVD, an SiO.,/polysilicon laminated film
of the region for forming the base and the emitter of the
bipolar transistor is etched and removed by the use of
existing dry etching technique. |

Then, an SiO, film having the thickness of 400 to 600
[nm] is formed by CVD, and an SiO, spacer 11 for sepa-
rating the emitter and the base electrode is formed by the
anisotropic etching with the existing dry etching technique.

Next, a polysilicon 12 for forming an emitter is formed by
CVD and then processed by the use of existing dry etching
technique. Then, ions are implanted into the polysilicon 12
and diffused, so that a base and an emitter are formed.

The heat treatment of this time makes P* diffusion from
the base outlet electrode 7 so as to form a graft base, and, at
the same time, the source and drain diffusion layer of the
MOS part is activated.
(1-4) Process

The Si0O, film having the thickness of 300 to 400 [nm] is
formed by CVD, and then respective electrodes are formed
by the use of the existing wiring technique (not shown).

As is evident from a series of above procedures, there is
a problem that added process steps are increased in accor-
dance with forming of MOSFET and its elaboration and
sophistication. To put it concretely, it is needed to perform
CVD on a polysilicon film as a protecting film for a gate
oxide film, and also it is needed to implant N™ ions into a
gate-electrode portion of MOS.

Besides, it is needed to form the LDD diffusion layer and
a source/drain diffusion layer. This causes increase of the
number of process steps, and such a possibility as increasing
of the processing cost and the TAT has been not avoidable.

SUMMARY OF THE INVENTION

In view of the foregoing, an object of the present inven-
tion is to provide a method for producing a semiconductor
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device which is able to add a MOSFET, by adding minimum
steps needed, on the basis of a high-performance bipolar
transistor. |

The foregoing object and other objects of the invention
have been achieved by the provision of a method for
producing semiconductor device, comprising: a process for
forming a first opening in a first insulating film formed on a
semiconductor substrate; a process for forming a second

insulating film on at least a part of the semiconductor
substrate exposed in the first opening; a process for forming
a second opening in the first insulating film; a process for
forming a first electric conductive film on a part of the

second 1nsulating film and the second opening; and a process
for introducing impurities into at least a partial region of the
semiconductor substrate laid under the second insulating
film and the first electric conductive film, utilizing the first

insulating film and the first electric conductive film as a
mask.

In the present invention, impurities are introduced into the
semiconductor substrate laid under the second insulating
film and into the first electric conductive film, utilizing the
first insulating film and the first electric conductive film,
which are formed on the semiconductor substrate, as the
mask. Thus, impurities can be concurrently introduced into
the gate electrode, the source and the drain of the MOSFET,
the base electrode of the bipolar transistor, the emitter and

collector contact of the lateral bipolar transistor, the outlet
electrode of the capacitor, and the resister.

At this time, the first insulating film and the first electric
conductive film are being utilized as the mask, so that
impurities are not introduced into the surface area of the
semiconductor substrate of the lateral bipolar transistor, and
into the dielectric film of the capacitor, by which a bad
influence upon their properties can be prevented.

Further, the second insulating filmn can be utilized as the
gate oxide film of the MOSFET and/or the dielectric film of
the capacitor so as to decrease the number of process steps.

Further, it is able to form the base contact (graft base)
region in the semiconductor substrate, utilizing the base
electrode of the bipolar transistor as the source of impurity-
diffusion; besides, it is able to form the emitter region and
the collector region in the semiconductor substrate, utilizing
the emitter, collector electrode forms of the lateral bipolar
transistor as the source of impurity-diffusion.

Further, 1t is able to form the emitter in a self-aligned
manner with respect to the base electrode of the bipolar
transistor.

The nature, principle and utility of the invention will
become more apparent from the following detailed descrip-
tion when read in conjunction with the accompanying draw-
ings in which like parts are designated by like reference
numerals or characters.

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
FIGS. 1A to 1D are schematic cross sectional views
explaining a conventional method for producing a semicon-
ductor device;

FIGS. 2A to 2D are schematic cross sectional views
explaining a method for producing a semiconductor device
according to the present invention;

FIGS. 3A to 3D are schematic cross sectional views
explaining a method for producing a semiconductor device
according to the present invention; and

FIGS. 4A to 4D are schematic cross sectional views
explaining a method for producing a semiconductor device
according to the present invention.
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DETAILED DESCRIPTION OF THE
EMBODIMENT

Preferred embodiments of the present invention will be
described with reference to the accompanying drawings:

(1) Summary
The principle of the method for producing the semicon-
ductor device which will be described in the following terms

is to collectively introduce impurities utilizing an oxide film
and a polysilicon electrode as a mask. Thereby, the gate
electrode, the source and the drain electrode of the
MOSFET, the base electrode of the bipolar transistor, the
emitter and the collector electrode of the lateral bipolar
transistor, the outlet electrode of the capacitor, the resister
and others are produced with lesser steps (that is, lower
cost). The concrete examples of production are as follows.
(2) The First Embodiment

In this embodiment, an example will be described of the
case where the P-channel MOS transistor, the double poly-
silicon NPN bipolar transistor, the capacitor, and the lateral
PNP bipolar transistor are formed on the same substrate.

FIGS. 2A to 2D are sectional views of an upper portion of
a silicon substrate, and showing the region in which the
P-channel MOS transistor and the NPN bipolar transistor
having a double-polysilicon structure are formed.

FIGS. 3A to 3D are sectional views of an upper portion of
the silicon substrate, and showing the region in which the
capacitor and the lateral PNP bipolar transistor are formed.

The process flow will be described hereunder. In this
connection, each step (2-1) to (24) of FIGS. 2A to 2D and
each step (3-1) to (3-4) of FIGS. 3A to 3D are corresponding
to the cross sectional views of the respective elements of the
same point of time.

(2-1) and (3-1) Processes

At first, an N buried layer 21, a diffusion layer 22, and
a N-type epitaxial layer 23 are formed on a P-type substrate
Sub, which function as the well region of the PMOS, the
collector outlet of the NPN transistor, the lower electrode of
the capacitor, and the base outlet of the lateral PNP transis-
tor.

Next, a LOCOS oxide film 24 and a P* diffusion layer 25
are formed for separation of elements, and then the first
oxide film 26 is formed. Here, the LOCOS oxide film 24 is
formed into 500 to 1000 |nm] thick, and the first oxide film
26 is formed into 100 to 200 [nm] thick. CVD may be
utilized for the first oxide film. |

The oxide film 26 of a part of a region in which the
MOSEFET and the capacitor are formed is then removed, so
that a first opening 27 is formed.

(2-2) and (3-2) Processes

In the first opening 27, a second oxide film 28 is formed.
The oxide film 28 functions as a MOS gate oxide film and
a capacitor dielectric film.

In a BiMOSLSI for common use, an excessive perfor-
mance of the MOSFET is not required, therefore the second
oxide film 28 may have a thickness of about 20 to 50 [nm].
Consequently, when a polysilicon film is formed next time,
it is not needed to regard an influence exercised from light
etching.

(2-3) and (3-3) Processes |

Subsequently, portions of the first insulating film 26 lying
in the region in which the emitter and the base of the NPN
transistor are to be formed and the region in which the
emitter/collector of the lateral PNP transistor are to be
formed are then removed, so that openings are formed.

Then, a polysilicon film of about 100 to 200 [nm] thick is
formed all over the surface by CVD, as a first conductive
film 29. Then, the polysilicon film is so processed as to leave
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the gate electrode of the MOS, the base electrode of the NPN
transistor, the upper electrode of the capacitor, and the
emitter electrode and the collector electrode of the lateral

PNP transistor in their places, using the existing dry etching
technique.

P" ions are then implanted, so that impurities are concur-
rently introduced into the gate electrode, the source 30 and
the drain 31 of the MOSFET, and the base electrode 32 of
the bipolar transistor.

At the time of the ion implantation, P" ions are implanted
utilizing the first insulating film 26 and the first electric
conductive film 29 as the mask, therefore impurities are not
introduced into the semiconductor substrate surface region
of the lateral PNP transistor and into the dielectric film of the
capacitor. Consequently, such bad influences upon their
characteristics are prevented as h,, fluctuation due to Q,
fluctuation of the PNP transistor and increasing of leakage

current due to damage introduction into the dielectric film of
the capacitor.

As to a condition of ion implantation of this time, for
instance, BF*" ions may be implanted to the extent of 1 to
5%10"° [em 2] with energy of about 30 to 50 [keV].

Besides, LDD diffusion layer does not have to be formed,
unless a gate length of the MOSFET is minimized to
sub-micron/sub-half-micron.

A part of a P polysilicon body can be utilized as a
Iresistor.

(2-4) and (3-4) Processes

The S10, film 33 having the thickness of 300 to 400 [nm]
is formed by CVD, and then the existing dry etching
technique removes the base portion of NPN and the lami-
nated film of the region for forming of the emitter composed
of the Si0, film 33 and the polysilicon film 29.

Then, the Si0, film having the thickness of 400 to 600
[nm] is formed by CVD, and performed anisotropic etching

by the existing dry etching technique, so that a SiO, spacer
34 for separating the emitter and the base electrode is
formed.

Next, a polysilicon film 35 for forming an emitter is
formed by CVD, and processed to become the shape of the
electrode by the use of existing dry etching technique. Ions
are implanted into thus processed polysilicon film 35 and
then thermal diffusion is produced, so that the base and the
emitter are formed.

The heat treatment of this time diffuses P™ from the
base-outlet electrode of the NPN transistor and forms the
graft base of the NPN transistor. At the same time, P" are
diffused from the emitter electrode and the collector elec-
trode of the PNP transistor so as to form the emitter and the
collector of the PNP transistor. Further, the source and drain
diffusion layer of the MOS part is activated simultaneous.

After above processes, the Si0, film having the thickness
of 300 to 400 [nm] is formed by CVD, and then each
electrode is formed by the use of the existing wiring tech-
nique (not shown).

By the above-mentioned series of processes, it is able to
produce the semiconductor device which includes the
P-channel MOS transistor, the double polysilicon NPN
transistor, the lateral PNP transistor, the capacitor, etc., on
the same substrate.

Incidentally, it has been found that the following points
can be improved by the use of above manufacturing proce-
dures.

It becomes possible to concurrently perform introduction
of impurities into the gate electrode, the source and the drain
of the MOSFET, introduction of impurities into the base
electrode of the bipolar transistor, introduction of impurities
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into the emitter electrode and the collector electrode of the
lateral bipolar transistor, introduction of impurities into the
outlet electrode of the capacitor, introduction of impurities
into the resistor, etc.

In addition, impurities are not introduced, at this time, into
the semiconductor substrate surface region of the lateral
bipolar transistor and into the dielectric film of the capacitor,
so that it can be prevented from bad influences upon them.

Moreover, since the step for producing the gate oxide film
of the MOSFET can be utilized as the step for producing the
dielectric film of the capacitor, the number of producing
processes can be reduced.

Besides, it 1s possible to form the base contact region
(graft base region) in the semiconductor substrate, utilizing
the base electrode of the bipolar transistor as the source of
impurity diffusion. Similarly, it is also possible to form the
emitter region and the coliector region in the semiconductor
substrate, utilizing the emitter electrode and the collector
electrode of the lateral bipolar transistor as the source of
impurity difiusion.

Besides, it is able to form the emitter in a self-aligned
manner with respect to the base electrode of the bipolar
transistor.

It 1s able to realize a producing method which can add a
MOSEFET by only adding minimum processes needed on the

basis of a bipolar transistor with higher performance than
that of these.

(3) The Second Embodiment

FIGS. 4A to 4D show cross sectional views of an upper
portion of a silicon substrate where a P-channel MOS
transistor and a NPN bipolar transistor of double polysilicon

structure are to be formed in. The process flow is shown
hereunder.

(4-1) Process

In this connection, (4-1) process is corresponding to
processes of (2-1) and (3-1), and processes of (2-2) and (3-2)
of the preceding term.

The N buried layer 21, the diffusion layer 22, and the N°!
epitaxial layer 23 are formed on a P-type substrate Sub.

These function as the well of the PMOS, the collector
outiect of the NPN transistor, the lower electrode of the
capacitor, and the base outlet of the lateral PNP transistor.

Next, the LOCOS oxide film 24 and the P™ diffusion layer
25 for separation of elements are formed, and then the first
oxide film 26 is formed.

The LOCOS oxide film 24 is formed into the thickness of
500 to 1000 |nm], and the first oxide film 26 is formed into
the thickness of 100 to 200 [nm]. At this time, CVD may be
used tor forming of the first oxide film.

Next, the first oxide film 26 in a region for forming the
MOSFET and the capacitor is removed, so that the first
opening 27 is formed.

After that, the second oxide film 28 is formed in the first
opening 27. The oxide film 28 functions as an MOS gate
oxide film and a capacitor dielectric film.

In a BIMOSLSI for common use, since an excessive
performance of the MOSFET is not required, the thickness
of the second oxide film 28 may be 20 to 50 [nm].
Consequently, when a polysilicon film is formed next time,
1t does not need to regard an influence due to light etching.
(4-2) Process

The (4-2) process and the next (4-3) process correspond
to processes of (2-3) and (3-3) of the preceding term.

In this process, the first insulating film 26 of the region for
forming the source, drain contact of the PMOS transistor, the
first insulating film 26 of the region for forming the emitter
and the base of the NPN transistor, and the first insulating
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film 26 of the region for forming the emitter and the
collector of the lateral PNP transistor are removed and
opened.

Next, a polystlicon film having the thickness of about 100
to 200 {nm] is deposited all over the surface by CVD, as the
first electric conductive film 29.

(4-3) Process

Then, the polysilicon film is so processed as to leave the
gate electrode and a source and drain outlet electrode of the
MOQOS, the base clectrode of the NPN transistor, the upper
electrode of the capacitor, and the emitter and the collector
electrodes of the lateral PNP transistor in their places, by the
existing dry etching technique.

P* ions are then implanted, so that impurities are concur-
rently introduced into the gate electrode, the source, the
drain, the source and drain outlet electrode of the MOSFET,
and the base electrode of the bipolar transistor.

At this time, the first insulating film 26 and the first
electric conductive film 29 are utilized as the masks, there-
fore the impurities are not introduced into the semiconductor
substrate surface region of the lateral PNP transistor and the
dielectric film of the capacitor. Consequently, such bad
influences upon their characteristics are prevented as fluc-
tuation of h., due to Q,, fluctuation of the PNP transistor and
increasing of leakage current due to damage introduction
into the dielectric film of the capacitor.

As to a condition of ion implantation of this time, for
instance BF2 ions may be implanted to the extent of 1 to
5%10*° [cm™2] with energy of about 30 to 50 [keV].

Besides, LDD diffusion layer does not have to be formed
unless a gate length of the MOSFET is minimized to
sub-micron/sub-half-micron.

A part of a P" polysilicon body may be utilized as a
resistor.

(4-4) Process

(4-4) process is corresponding to processes of (2-4) and
(3-4).

At first, the Si0, film 33 having the thickness of 300 to
400 [nm] is formed by CVD, and then the oxide-film/
polysilicon laminated film of the region for forming the base
and the emitter of the NPN transistor is removed by the use
of existing dry etching technique.

Thereafter, the Si0, film having the thickness of 400 to
600 [nm] is formed by CVD and anisotropic etching is
performed by the existing dry etching technique, so that the
oxide film spacer 34 for separating the emitter and the base
electrode is formed.

Next, a polysilicon film for forming an emitter is formed
by CVD, and is processed by the existing dry etching
technique.

Subsequently, the base and the emitter are formed by ion
implantation and diffusion to the polysilicon film.

The heat treatment of this time diffuses P" from the
base-outlet electrode of the NPN transistor and the emitter,
collector electrodes of the lateral PNP transistor to form the
graft base of the NPN transistor and the emitter and the
collector of the PNP transistor, and the source and drain
diffusion layer of the MOS is activated at the same time.

After the Si0O, film having the thickness of 300 to 400
|nm] has been formed by CVD, each electrode is formed by
the use of the existing wiring technique (not shown).

When the above-mentioned processes are used, the same
effects as that of the first embodiment can be obtained. In
addition, the outlet electrode can be formed in a self-aligned
manner with respect to the source and drain diffusion layer
of the MOSFET, so that it is able to contribute to decreasing
of areas of elements and increasing of degree of integration.

3

(4) Other Embodiments
In the above-mentioned embodiments, the P-channel

MOS transistor, double polysilicon NPN bipolar transistor,

the capacitor, and the lateral PNP bipolar transistor are
5 formed on the identical substrate. However, the present
invention is not only limited to this, but also applicable to the
case where some of those are formed on the identical
substrate.

As described above, according to the present invention, it
becomes possible to perform concurrent introduction of
impurities into the gate electrode, the source and the drain of
the MOSFET, the base clectrode of the bipolar transistor, the
emitter and the collector electrode of the lateral bipolar
transistor, the outlet electrode of the capacitor, and the
resistor. In addition, impurities are not introduced at this
time into the semiconductor substrate surface region of the
lateral bipolar transistor and the diclectric film of the
capacitor, so that bad influences upon these can be pre-
vented.

While there has been described in connection with the
preferred embodiments of the invention, it will be obvious
to those skilled in the art that various changes and modifi-
cations may be aimed, thercfore, to cover in the appended
claims all such changes and modifications as fall within the
true spirit and scope of the invention.

What is claimed is:

1. A method for producing a semiconductor device for
forming a bipolar transistor and MOSFET on a semicon-
ductor substrate, comprising the steps of:

forming a first opening in a first insulating film formed on
said semiconductor substrate;

forming a second insulating film on at least a part of said
semiconductor substrate exposed in said first opening;

forming a second opening in said first insulating film;

subsequently forming a first electric conducting film on a
part of said second insulating film and said second
opening; and

thereafter introducing impurities into at least a partial
region of the semiconductor substrate located under
said second insulating film and the first electric con-
ductive film, utilizing said first insulating film and said
first electric conductive film as masks.

2. The method for producing a semiconductor device
45 according to claim 1, wherein:

the impurities introduced into at least said partial region
of the semiconductor substrate are a first conductive
type; and

further comprising a step of diffusing impurities of said
first conductivity type from the first conductive film to
form a diffusion layer on the semiconductor substrate.

3. The method for producing a semiconductor device

according to claim 2, comprising the steps of:

forming a third opening in a part of said first electric
conductive film on the semiconductor substrate
exposed in said second opening; and

introducing impuritics of a second conductive type into
said third opening.
4. The method for producing a semiconductor device
according to claim 1, wherein

a thickness of said second insulating film is equal to or
less than that of said first insulating film.

5. The method for producing a semiconductor device
65 according to claim 1, wherein

said first insulating film is formed on a surface of a Jateral
bipolar transistor.
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6. The method for producing a semiconductor device
according to claim 1, wherein

said first electric conductive film is formed on a surface of
a dielectric film of a capacitor.
7. The method for producing a semiconductor device

according to claim 1, wherein said second insulating film is

a gate oxide film of a MOSFET and/or a dielectric film of a
capacitor.

8. The method for producing a semiconductor device
according to claim 1, wherein said first electric conductive
film through further processing forms a source, a drain of a
MOSFET, and/or a base contact of bipolar transistor, and/or
and emitter, a collector of a lateral bipolar transistor.

10
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9. The method for producing a semiconductor device
according to claim 1, wherein a diffusion layer for said first
conductive type of impurities through further processing
forms a source, a drain of a MOSFET, and/or a base contact

of a bipolar transistor, and/or a emitter, a collector of a lateral
bipolar transistor.

10. The method for producing a semiconductor device
according to claim 3, wherein a diffusion layer for said
second conductive type of impurities through further pro-
cessing forms an emitter of a bipolar transistor.
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